Background: Treatment of spondylolisthesis can be difficult with regard to patients with high sacral slopes that may prohibit placement of interbody grafts for fusions across that segment. Here, we describe placement of a reverse Bohlman technique from an anterior approach to obtain fusion across a low-grade spondylolisthesis with a high sacral slope to obtain anterior fusion.
INTRODUCTION
Although lumbar spondylolisthesis requiring operative intervention is common, there is a lack of consensus regarding management. There are several methods for achieving arthrodesis which include posterior, posterolateral, anterior interbody, and posterior interbody approaches with or without instrumentation. 1 While interbody techniques are central to restoration of anterior column support, they may not be technically feasible in spondylolisthesis due to the unfavorable orientation of the vertebrae, which may preclude access to the disc space. This interbody inaccessibility, coupled with the risk of L5 nerve root injury during slip reduction maneuvers, has given rise to novel techniques for in situ fusion. [2] [3] [4] In 1938, Speed et al. described their attempt at in situ fusion for high-grade spondylolisthesis at L5-S1 using a transabdominal retroperitoneal corridor for placement of a tibial strut autograft. 5 This was later adapted by Bohlman and Cook in 1982 for treatment of spondyloptosis, whereby a posterior approach was taken for decompression, posterolateral fusion, and placement of an autologous fibular strut graft across the S1 vertebral body, L5-S1 disc space, and into the anteriorly positioned L5 body. 6 The appeal of the Bohlman technique, which predates pedicle screw instrumentation, is that all 3 columns of the spine could be fixated through a singular incision without incurring the risk of neurologic injury from spondylolisthesis reduction or the morbidity associated with anterior lumbar exposure. Studies have shown similar fusion outcomes between the transvertebral fixation technique and more conventional methods of arthrodesis such as transforaminal interbody fusion. 7 Despite its relative successes, several pitfalls have also been noted including autograft site morbidity, graft fracture or resorption, continued slippage, pseudarthrosis, and recurrent instability. [8] [9] [10] Because of the limitations of the original Bohlman method, several modifications have been made over the years both in terms of surgical approach and the adjunctive hardware placed to facilitate fusion. Examples include exchange of an osseous graft for a titanium mesh cage, the AxiaLif bolt system, and augmentation with pedicle or transsacral screw instrumentation. [11] [12] [13] [14] [15] [16] The reverse Bohlman method has previously been used to address high-grade spondylolisthesis. 17 In the following paper, we describe the use of a modified or ''reverse'' Bohlman technique for placement of a transsacral cage from an anterior approach. To the authors' knowledge, this is the first such report on the use of the reverse Bohlman technique in the management of low-grade spondylolisthesis.
CASE REPORT Presentation and Examination
A 54-year-old man presented with severe lowback pain associated with bilateral leg pain dating back several years. He reported numbness, paresthesias, and lower extremity weakness at baseline, which had all acutely worsened in the context of a recent ground-level fall. His Oswestry Disability Index (ODI) was 38. He had a normal neurologic exam. Plain radiography revealed Grade II isthmic spondylolisthesis at L5-S1 with the following spinopelvic parameters: 738 sacral slope, 828 lumbar lordosis, 128 pelvic tilt, and 948 pelvic incidence ( Figure 1 ). Magnetic resonance imaging of the lumbar spine demonstrated bilateral L5 pars defects with diffuse degenerative disease from L4 through S1 ( Figure 2 ). Additionally, significant ligamentous and facet hypertrophy resulted in moderate canal and neuroforaminal stenosis at the L5 and S1 levels. The patient had previously been managed conservatively with analgesics, physical therapy, and steroid injections. However, after failure of nonoperative management, the patient elected to undergo surgical intervention.
Reverse Bohlman Technique
An anterior approach was taken to facilitate the reverse Bohlman technique ( Figure 3) . A left-sided paramedian open retroperitoneal approach was performed in conjunction with vascular surgery to expose the anterior lumbar spine. A standard anterior lumbar interbody fusion was first performed at the L4-5 level. However, as the patient's sacral alignment precluded access to the L5-S1 disc space, a transvertebral transsacral titanium cage was placed through the L5 vertebral body across the L5-S1 disc space and into the S1 vertebral body ( Figure  4 ). Under fluoroscopic guidance, an awl was used to create a guide tract, followed by sequential dilation using a series of ACL drills and reamers. A 10 3 50 mm titanium mesh cage filled with allograft was ultimately placed. This anterior approach was thereafter supplemented with posterior decompression as well as pedicle screw instrumentation from L4 through S1 bilaterally with right-sided iliac screw placement.
Postoperative Course
The patient had an uncomplicated postoperative course. Postoperative x-ray and computed tomography scans showed his cage to be in good position (Figures 5 and 6) . He reported considerable reduction in his back pain immediately following the procedure along with near resolution of his lower extremity sensory disturbances. He was discharged home 7 days after his operation. At 3 years follow up, his leg pain is still resolved, and he reports an improved ODI of 28. His x-rays show no evidence of implant lucency or failure, and he remains in good sagittal alignment (Figure 7 ).
DISCUSSION
Surgical management of spondylolisthesis varies considerably and is influenced, in part, by surgeon preference, patient age, and biology. The lack of consensus regarding treatment stems from a lack of Level I or Level II studies to date addressing the optimal method for dealing with this condition. Some investigations have suggested that a combined anterior and posterior approach rather than either alone results in lower pseudarthrosis rates and better long-term outcomes. [18] [19] [20] [21] [22] 
Reverse Bohlman for Low-Grade Spondylolisthesis
The Bohlman technique was originally developed in 1982 due to the high rates of fusion failure of posterior and posterolateral fusions alone, along with the higher morbidity associated with the transabdominal approach in combine operations. 6 In this approach, a single-stage decompression with posterolateral and interbody fusion was used with 2 posterior transsacral autograft fibular strut grafts. Through that single posterior incision, L3 to S2 was exposed, the L5 and S1 nerve roots were decompressed with wide foraminotomies, the sacral prominence was osteotomed, and both a wire and subsequent cannulated drill bit was carefully guided into the S1 body and slipped L5 body anteriorly under fluoroscopic guidance. The fibular strut grafts were inserted and countersunk into these prepared tracts. There was no reduction of the originally described lumbosacral spondyloptosis, and since then, the technique has been shown to have very satisfactory clinical outcomes in patients with highgrade L5-S1 spondylolisthesis.
The reverse Bohlman method is generally indicated when conventional interbody approaches are not technically feasible at the lumbosacral disc space and intervention is also required at an adjacent segment. It offers several advantages: (1) elimination of durotomy risk and nerve root injury through retraction, (2) removes the need for disc preparation, which eliminates pseudoarthrosis from incomplete disc removal, and (3) less risk of neurologic injury and pseudoarthrosis secondary to implant migration. Through exposure of the anterior lumbar spine, we were able to successfully perform a standard L4-5 anterior lumbar interbody fusion followed by L5-S1 transvertebral transsacral fusion.
A central question in the management of spondylolisthesis is whether or not slip reduction adds to the efficacy of fusion or clinical outcomes. Although it seems intuitive from a biomechanical standpoint, early attempts for high-grade reduction were met with prolonged operative times, high blood losses, and an unacceptably high risk of L5 nerve root injury. Because our patient presented only with a low-grade spondylolisthesis but with a high sacral slope, we did not see a significant benefit in interbody placement and instead focused our attention on achieving a successful fusion at that segment to provide him with a favorable outcome. This was borne out on his 3-year follow up, which shows maintenance of an improved ODI and x-rays which show maintenance of good sagittal alignment without evidence of instrumentation failure. The Bohlman method was devised in an era before the advent of pedicle screw fixation and was born from a desire to achieve stable in situ fusion. It is also particularly useful in scenarios where the steep angle of the lumbosacral disc space precludes access for discectomy and interbody grafting, as was the case in our report. The attractiveness of the original Bohlman technique stems from the fact that all 3 columns of the spine can be fixated through a single posterior incision. Despite complications from early results with this technique, it has enjoyed relative successes, with some groups even purporting arthrodesis rates comparable to contemporary methods of interbody fusion. 7 In this report, we modified a surgical technique that has previously been well described in the management of highgrade spondylolisthesis for treating a low-grade variant of the condition. While the original Bohlman method has previously been used to address spondylolisthesis of all grades, [15] [16] [17] 23 this is the first such report documenting a reverse Bohlman approach for low-grade spondylolisthesis.
Three years after surgery, our patient continues to maintain good sagittal alignment with complete resolution of his clinical leg symptoms and no signs or symptoms of instrumentation failure. Although fusion can only be truly assessed radiographically with advanced imaging such as a computed tomography, the stability of his implants and his clinical improvement are highly suggestive that he has gone on to a successful fusion.
CONCLUSIONS
We present here a patient with low-grade spondylolisthesis and a steep sacral slope who underwent a successful reverse Bohlman approach with long-term follow up, a treatment paradigm previously unreported in the literature. It is our hope that this report highlights the potential utility of this method as a viable alternative for patients with low-grade spondylolisthesis.
